Purpose: To evaluate lung high-resolution computed tomography (HRCT) findings in patients with Puumala hantavirus-induced nephropathia epidemica (NE), and to determine if these findings correspond to chest radiograph findings. Materials and methods: HRCT findings and clinical course were studied in 13 hospital-treated NE patients. Chest radiograph findings were studied in 12 of them. Results: Twelve patients (92%) showed lung parenchymal abnormalities in HRCT, while only 8 had changes in their chest radiography. Atelectasis, pleural effusion, intralobular and interlobular septal thickening were the most common HRCT findings. Ground-glass opacification (GGO) was seen in 4 and hilar and mediastinal lymphadenopathy in 3 patients. Atelectasis and pleural effusion were also mostly seen in chest radiographs, other findings only in HRCT. Conclusion: Almost every NE patient showed lung parenchymal abnormalities in HRCT. The most common findings of lung involvement in NE can be defined as accumulation of pleural fluid and atelectasis and intralobular and interlobular septal thickening, most profusely in the lower parts of the lung. As a novel finding, lymphadenopathy was seen in a minority, probably related to capillary leakage and overall fluid overload. Pleural effusion is not the prominent feature in other viral pneumonias, whereas intralobular and interlobular septal thickening are characteristic of other viral pulmonary infections as well. Lung parenchymal findings in HRCT can thus be taken not to be disease-specific in NE and HRCT is useful only for scientific purposes.
Introduction
Nephropathia epidemica (NE) is a mild type of hemorrhagic fever with renal syndrome (HFRS), caused by Puumala virus [1] . The virus is a member of the Hantavirus genus in the Bunyaviridae family and is carried by bank voles (Myodes glareolus) [1] . NE is prevalent in Scandinavia, European Russia, Balkans, and also in many parts of Western Europe [1] . Approximately 1000-3000 serological diagnoses of Puumala virus infection are made in Finland annually, and the seroprevalence in the population is 5% [2] . Other Hantaviruses causing HFRS include Hantaan, Dobrava, Saaremaa, and Seoul viruses; while in the Americas, Sin Nombre, Andes, and Black Creek Canal viruses cause Hantavirus cardiopulmonary syndrome (HCPS) [1] .
NE is often referred to as a mild form of HFRS. It is characterized by acute fever, head and backache; hemorrhages are rare. Respiratory tract symptoms or findings have been recorded in about one fifth of patients [3] . An increase in serum creatinine concentration, hematuria and proteinuria, thrombocytopenia, hypoproteinemia and moderately elevated leukocyte count and C-reactive protein values are typical laboratory findings [3] [4] [5] . Acute renal failure (ARF) is evident in over 90% of hospital-treated patients [3] . Oliguria or anuria is seen in 54% and 8% respectively, followed by polyuria and spontaneous recovery [4] .
Abnormalities in chest radiographs have previously been reported in 16-53% of NE patients [3, 4, [6] [7] [8] . Pleural effusion, atelectasis and interstitial infiltrates are the most common chest radiograph findings [6] [7] [8] . In contrast to intralobular and interlobular septal thickening and centrilobular nodules, pleural effusion is not the prominent feature in other viral pneumonias (Table 1) 0720-048X/$ -see front matter © 2011 Elsevier Ireland Ltd. All rights reserved. doi:10.1016/j.ejrad.2011.04.049 Table 1 Summary of HRCT findings in viral pneumonias [9] . Plus signs indicate the relative frequency of the findings from lowest (+) to highest (+++). SARS (severe acute. [9] . In addition to the degree of ARF and fluid retention, the occurrence and severity of findings have been found to be associated with hypoproteinemia and leukocytosis, which suggests that capillary leakage and inflammation may play a role in NE lung involvement [7, 8, 10, 11] . In a Swedish prospective study of 19 patients with acute NE, computed tomography (CT) showed pulmonary infiltrates and/or pleural effusion in 10 patients [6] . Recently, Fakhrai et al. [12] reported one NE patient who presented with interstitial edema with thickening of the interlobular septa, peribronchial cuffing, ground-glass opacities (GGO), and small pleural and pericardial effusions on the CT.
Puumala virus is genetically closely related to Sin Nombre virus, which causes HCPS [13] [14] [15] . Radiologically HCPS is characterized by acute respiratory distress syndrome, non-cardiogenic perihilar pulmonary edema and bilateral interstitial and alveolar infiltrates with pleural effusions [16] . The histological picture is characterized by intersitium and airspace edema, mild to moderate interstitial infiltrates of lymphocytes, and epithelial necrosis with destruction of alveolar pneumocytes and hyaline membranes [15] . Two case reports about high-resolution computed tomography (HRCT) findings in HCPS were published [17, 18] . HRCT demonstrated extensive bilateral GGO most severe in the middle and lower lung zones. Also noted were a few slightly thickened interlobular septa, a few poorly defined small nodules, bronchial wall thickening and small bilateral pleural effusion [17] . In the other case report "crazy paving" pattern was also seen [18] .
To the best of our knowledge, HRCT findings have not previously been systematically studied in NE or in other HFRS diseases. In order to evaluate the mechanisms of abnormalities in lung parenchyma, we studied the lung HRCT findings in 13 patients and compared them to the chest radiograph findings.
Materials and methods

Participants
A total of 13 hospitalized patients with serologically confirmed [19] acute Puumala virus infection were studied. The cohort comprised 10 males and 3 females, aged from 31 to 67 (mean 45) years. Three of the patients had one or more of the following chronic diseases: sick sinus syndrome, atrial fibrillation, type two diabetes mellitus and bronchial asthma. The median duration of symptoms of NE before hospital admission was 4 (range 2-7) days. The median time of hospitalization was 4 (range 3-14) days. The patients had a typical clinical course of NE (Table 2) . One patient needed transient dialysis treatment. Written consent was required. The study was approved by the Ethics Committee of Tampere University Hospital, and the research was conducted according to the principles of the Declaration of Helsinki.
Chest radiography
Digital posteroanterior and lateral chest radiographs were evaluated by two experienced chest radiologists with agreement by consensus. They were unaware of the patients' clinical data. All patients' chest radiographs were analyzed first and findings were registered, HRCT images were evaluated immediately thereafter. Evaluations were made with an Advantage Windows 4.3 workstation (General Electric Medical Systems, Paris). The nature and location of the abnormalities in chest radiographs were analyzed in 6 fields of the lung, the low, middle and upper fields of the right and left lung separately. The findings (Table 3) were graded as normal or abnormal.
HRCT technique
HRCT studies were performed with a multislice scanner (GE Light speed 16 Advantage; GE Healthcare, Milwaukee; WI, USA). Images were obtained during full inspiration in supine position. The slice thickness was 1.25 mm. The slices were taken at 20 mm intervals from the lung apex to the costophrenic angle. The imaging parameters were 120 kV and 160 mA. The reconstruction kernel was "lung". The window settings were appropriate for viewing the lung parenchyma (W1500, L-500) and soft tissues (W400, L70). Data analysis was carried out using SPSS statistical software (version 14.0, SPSS Inc., Chicago, IL). The findings (Table 3) were graded as normal or abnormal. Maximum level of pericardium and pleural fluid were measured.
Results
HRCT findings
HRCT examinations were performed on admission to the hospital, which was 7 (median) days (range 4-16) from onset of symptoms of NE. Twelve out of 13 (92%) patients had abnormalities in their HRCT (Table 3) . Atelectasis was seen in 11, bilaterally in 10 patients, present in the lower lobes on both sides. Pleural effusion was seen in 9, bilaterally in 7 patients (Fig. 1) . The median amount of pleural effusion was on the right side 21 (range 7-29) mm and on the left 16 (range 10-33) mm. Intralobular and interlobular septal thickening were seen in 7 and GGO in 4 patients, most profusely in the lower parts of the lung (Fig. 2) . Bronchial wall thickening was seen in 2 patients. Hilar and mediastinal lymphadenopathia were seen in 3 patients (minimal lymph node transverse length >10 mm). One patient had slightly enlarged heart size and 2 had pericardial fluid (5 mm and 9 mm). None had visually increased venous stasis. No interstitial or alveolar edema was seen. a Difference between highest and lowest weight during hospital care. Change in weight reflects fluid retention during the oliguric phase. The highest and the lowest value of each patient of the various variables measured during hospitalization were designated as the maximum and minimum values. 
Plus signs indicate yes, minus no. Abbreviations: PN = patient number, IIST = intralobular and interlobular septal thickening, GGO = ground-glass opacification, BWT = bronchial wall thickening, Pl = pleural, EH = enlarged heart, PF = pericardial fluid, TI = time interval between HRCT study and chest radiograph (days), NA = not available.
Chest radiograph findings
Chest radiography was undertaken in 12 cases. The time interval between chest radiograph and HRCT study was a median 2 (range 0-6) days (Table 3) . Eight out of 12 (67%) patients showed abnormalities in their chest radiography. Atelectasis and pleural effusion were seen in 5, 2 had only atelectasis and 1 only pleural fluid. Three patients evincing changes in their HRCT were graded as normal based on chest radiography. If atelectasis or pleural fluid were seen in HRCT, they also were found in chest radiography in most cases. Three patients' atelectasis and 2 patients' pleural effusion were not Fig. 1 . HRCT of the lungs on the 8th day from the onset of symptoms. Pleural effusion was bilateral and atelectasis was seen in lower lobe on the left side (straight arrows). Intralobular and interlobular septal thickening were seen bilaterally (thick arrow). GGO was seen most profusely in the lower parts of the lung (arrowhead). This patient had also bronchial wall thickening (straight white arrow). Most of the patients had ventilation artifacts because of bad condition. seen in chest radiography. No intralobular and interlobular septal thickening or GGO was seen in chest radiographs, likewise no hilar and mediastinal lymphadenopathia.
Discussion
Radiological findings in lung HRCT of NE patients are here described and the relation to chest radiographs is discussed.
Viruses are the major cause of respiratory tract infection in the community. The epithelial lining of the various parts of the respiratory tract is the main target, tracheobronchitis, bronchiolitis, and pneumonia being thus the main manifestations of viral infection [9] . In one study where the pathogenetic mechanisms underlying pulmonary involvement in NE were investigated, the findings suggested that pulmonary involvement might be the inherent trait of NE [20] . Although Puumala virus is pantropic, i.e. it can infect a Fig. 2 . HRCT of the lungs on the 8th day from the onset of symptoms. GGO was seen most profusely in the lower parts of the lung (arrows).
wide variety of human cells, including cells originating from brain, heart, lung, spleen, liver and kidney tissue, its primary replication site seems to be in the lungs [21] .
The pathologic course of viral pneumonia begins with destruction and sloughing of respiratory ciliated, goblet and mucous cells [22] . The bronchial and bronchiolar walls together with the interstitial septa of the lungs become thickened owing to edema and inflammatory cells, primarily lymphocytes. This so-called interstitial pneumonitis is often patchy, affecting predominantly the peribronchial portions of the lobules. With more severe inflammation the alveoli fill with inflammatory exudates, which may be hemorrhagic, and hyaline membranes may form. As Puumala virus infects endothelial cells in vitro with no visible changes in the cell morphology, it is possible that immunological mechanisms also contribute to the endothelial damage or functional changes, leading to capillary leakage [23] .
Imaging findings of viral pneumonia do not usually allow the diagnosis of a specific virus infection. Nevertheless, the combination of HRCT features varies somewhat among individual viral pneumonias (Table 1 ) [9] . In the present study pleural effusion and atelectasis were the most common HRCT findings, which coincidence with our previous chest radiograph findings [7, 8] . Pleural effusion is not the prominent feature in viral pneumonia, although small effusions do not rule out the diagnosis. Pleural effusion often causes basal atelectasis, in our study only two patients had atelectasis apart from effusion. In HRCT pleural effusion is easy to detect; it is reposted that the minimum pleural fluid volume detectable on standing posteroanterior radiographs is 175 ml [24] . In a study with 10-dengue hemorrhagic fever patients who underwent sonography and chest radiography, sonography detected pleural effusion in all 10, whereas radiography detected it only in 3 cases [25] . Accumulation of pleural fluid in acute NE could reflect fluid retention due to ARF, but might also be taken as a sign of capillary leakage [7] .
In the present study, 12 patients (92%) showed changes in their lung HRCT, which is more than previously reported with chest radiography [3, 4, [6] [7] [8] . To the best of our knowledge, lung HRCT findings have not previously been systematically studied in NE. CT scans and chest radiographs of the lungs have been examined in a Swedish prospective study involving 19 patients with acute NE [6] . CT revealed pulmonary infiltrates and/or pleural effusion in 10 (53%) patients and in 2 of them abnormalities were shown only by CT [6] . Patients with pathologic lung findings evinced a more pronounced inflammatory response, as measured by CRP and blood leukocyte count, than did those yielding normal findings. HRCT is more accurate than CT and much more accurate than chest radiography, and parenchymal findings are easier to detect with HRCT, which would explain the difference.
In the present study intralobular and interlobular septal thickening were seen in 54% and GGO in 31% of patients in HRCT examination. In our previous study chest radiography showed interstitial infiltrates in only 16% of 344 NE patients [8] . We assume that the interstitial infiltrates previously seen in NE patient chest radiographs are the same finding as intralobular and interlobular septal thickening in HRCT. Also in the present study HRCT parenchymal findings, intralobular and interlobular septal thickening or GGO, were not seen in chest radiographs. In the previous case report about HRCT findings in HCPS, chest radiograph showed minimal bilateral hazy increased opacification and small bilateral pleural effusion but HRCT demonstrated extensive bilateral GGO and also few slightly thickened interlobular septa, a few poorly defined small nodules, bronchial wall thickening and small bilateral pleural effusion [17] . In the other case report "crazy paving" pattern was also seen [18] , such kind of finding was not seen in our study. Septal thickening is early stage finding in interstitial edema and GGO can be seen in alveolar edema, otherwise typical pulmonary edema findings were not seen in our study.
In our previous study with 70 NE cases chest radiography revealed slight cardiac enlargement in 3 patients [26] . Echocardiography was performed in 43 of 70 patients, of who 6 showed left ventricular contraction abnormalities and 1 pericardial effusion. In the present study 1 patient had a slightly enlarged heart and 2 had slight amounts of pericardial fluid. However, no venous congestion was evident in these patients. It has previously been thought possible that venous congestion could be the sole or coexisting cause of findings in some patients with pulmonary infiltrates and pleural effusion [7] . Clinically heart failure was not suspected in any case as the cause of pulmonary changes [7] .
Hilar and mediastinal lymphadenopathy were seen in 3 patients, which is a novel observation. This is interesting because the respiratory tract is probably the transmission route and the primary site of replication for Puumala virus and other Hantaviruses [21] . Hilar adenopathy is variable in viral diseases, being common in measles pneumonia and infectious mononucleosis but rare with other viral pneumonias [9] . Hilar and mediastinal lymphadepathy may be seen, usually accompanied by pulmonary parenchymal involvement, and not uncommonly by pleural effusions [27] . In the other study mediastinal lymphadenopathy may also associate with subacute congestive heart failure [28] . In the present study, all three patients having adenopathy had pleural effusion, and two of them had also pericardial fluid. Thus the pathogenesis of adenopathy may be related to Puumala virus-induced capillary leakage and overall fluid overload.
However, our study has some limitations. The number of patients was small and the interval between chest radiographs and CT examinations was rather long. Due to limited number of patients no significant difference in reading was expected and therefore we used consensus reading. The multislice-CT scanner was not used and the CT slices were thick. Further, the most severe oliguric phase of the NE disease did not coincide optimally with the time of CT examination. In the future a study with higher number of patients and more precise correlation of lung HRCT findings with patients' clinical findings could show, if pathological HRCT findings are caused by capillary leakage due to virus-associated endothelial damage or by fluid volume overload induced by ARF.
Conclusion
Almost every NE patient showed lung parenchymal abnormalities in HRCT. The most common findings of lung involvement in NE can be defined as accumulation of pleural fluid and atelectasis and intralobular and interlobular septal thickening, most profusely in the lower parts of the lung. As a novel finding, lymphadenopathy was seen in the minority, probably as a consequence of capillary leakage and overall fluid overload. Based on this HRCT study and our previous chest radiograph studies, [7, 8] lung parenchymal findings can be taken not to be disease-specific in NE, and HRCT is useful only for scientific purposes. Hantavirus infection should be considered as one possible differential diagnosis of patients who present with acute febrile illness and ARF of an unknown origin and with nonspecific radiologic findings.
